Litchi (Litchi chinensis sonn.) ranks second after mango amongst the most important fruit crops cultivated worldwide. Litchi is a very valuable crop throughout the world because it is a table fruit and wines are also produced from it. The existing cultivars are highly polyploidy and heterozygous in nature. It is propagated through air layering and marcottage methods and storability is very low. Synthetic seeds can be stored for a long time and its genetic constitution could remain the same. For germplasm maintenance and clonal propagation, synthetic seeds can be used. Somatic embryogenesis has been reported from anther or embryogenic suspension culture in various species of litchi. Regeneration via organogenesis and somatic embryogenesis from zygotic embryos has also been reported in certain species. Developing a methodology for getting somatic embryogenesis with a high frequency from zygotic embryos which is available once in a year, would be particularly useful for genetic improvement of litchi. Cotyledonary stage somatic embryos developed from zygotic embryos were encapsulated in 2% alginate gel. The encapsulated somatic embryos (ESEs) germinated successfully on 0.7% agar medium containing 3% sucrose concentration in NN basal medium (half strength of major and minor salts) with 1 mg•l −1 of gibbrellic acid. Percentage germination and plantlet development for ESEs was higher than that of non encapsulated embryos (NSEs). In comparison to different hormones, gibberellic acid has a significant influence on the germination rate of ESEs after one week of dehydration was seen maximum at 9% sucrose and abscisic acid (1 mg•l −1 ) in half strength of major and minor salts in Nitsch and Nitsch medium resulting in extended storage up to 90 days without loss in germination potential and capability to regenerate into plantlets. Normally developed plantlets regenerated from ESEs were successfully adapted to soil to obtain a full grown plant.
Introduction
Litchi (Litchi chinensis Sonn.) of the family Sapindaceae is tropical tree known for its delicious fruits. It is extensively grown in tropical and subtropical regions of the world, especially in India and China. Since litchi is a cross pollinated plant, it is highly heterozygous, and the progeny may not true to the parental type. Conventional vegetative propagation methods currently being used air layering or marcottage, are slow and inefficient [1] . Natural seeds contain high percentage of moisture which is protected by the enveloping aril. As soon as aril is removed the moisture content decreases and seeds lost the ability of germination. Both germinability and viability is correlated with moisture content. These seeds can't be stored at room temperature due to high moisture content and if these seeds remain exposed in air for one day after separation from aril, seeds will loose germinability due to loose of moisture content and unable to regenerate into litchi plants and many varieties also produce non viable seeds so natural system is not suited for plant regeneration. In litchi moisture content range is 50% -60% [2] . In Urd bean moisture content is reported to come down to 12% [3] . In sesame moisture content has been found to be inversely related to seed longevity [4] . Loss of viability of onion seeds increased with increase in moisture content from 4% to 40% [5] . Seeds stored at 5% or less moisture content possess better chance of viability [6] . Hence in vitro techniques have potential use in litchi propagation for the large-scale cloning of elite plants. Litchi (Litchi chinensis Sonn.) is the most important fruit crop second to Mango and cultivated most of the parts of the world. However, litchi has so far proven to be a difficult material for propagation using in vitro culture. Attempts to regenerate plants from explants derived from mature trees have failed to give satisfactory results [7] . However, the formation of up to 15 adventitious buds was reported when immature litchi zygotic embryos were treated with BAP (100 mg•l −1 ) for 3 h followed by culture on hormone free MS medium for 4 weeks [8] and 15 -20 multiple shoots were also induced from matured zygotic embryos (from seeds) also produced when treated with BAP (20 mg•l −1 ) and litchi plantlets were also regenerated [9] . For a rapid clonal multiplication and for the genetic improvement of litchis several groups have reported somatic embryogenesis in litchi cultivars like grapes [10] - [29] . Green fluorescent protein gene has been expressed in litchi tissues [30] and protocol for litchi transformation has also been developed [29] . Long-term storage of clones in the form of cuttings often encountered the problem of infection. Therefore, in order to circumvent these problems development of synthetic seeds appears to be a better alternative. An important application of somatic embryos is their use in the production of synthetic seeds [16] . Encapsulation of embryos is the first major step for synthetic seed production in litchi. Alginate gel capsules provide protection for naked somatic embryos (NSEs) and facilitate handling [31] - [34] . Artificial seed technology provides an alternative system for propagation of transgenic plants, non seed producing plants, polyploids with elite traits and plants with problems in seed propagation. The technology may also be of interest for storage of germplasm and transportation of elite genotypes. The synthetic seed technology is best suited for the maintenance of genetic constitution of regenerated plants and can be stored for a long time. The application of synthetic seed technology has been demonstrated for many plant species [34] - [38] and the role of abscisic acid (ABA) is implicated as a controlling factor for germination and dormancy in somatic embryos and seeds [39] [40] .
In this paper we demonstrate the development and utility of artificial seeds in seedless or functionless seeds of litchi varieties. We have also studied the effect of ABA on germination and plantlet regeneration from encapsulated somatic embryos. We have encapsulated 4 -9 mm long immature cotyledonary stage somatic embryos (originating from immature zygotic embryos of cv Bedana), as mature somatic embryos are longer than 2.5 cm and difficult to encapsulate. We report the parameters for the production of somatic embryos in litchi, their encapsulation, germination and regeneration into plantlets.
Materials and Methods

Production of Somatic Embryos
Zygotic embryos isolated from immaturelitchi (Litchi chinensis Sonn.) fruits were obtained from the Horticul- ) led to formation of embryogenic calli which upon sub culturing on fresh NN [43] basal medium differentiated into a large number of secondary somatic embryos as mentioned in the protocol of [34] . At the cotyledonary stage, somatic embryos were white opaque in appearance 4 -9 mm long embryos harvested and used for encapsulation. The composition of NN basal medium is 
Encapsulation of Somatic Embryos
To encapsulate somatic embryos in calcium alginate capsules, a 2% sodium alginate (Sigma) gel (prepared in a nutrient solution containing one quarter strength of B5 macrosalts and MS organics) and 100 mM CaCl 2 solution (in double distilled water) were used. For encapsulation isolated somatic embryos from embryogenic calli were suspended in 2% sodium alginate solution for 2 min and then dropped one by one through a Pasture pipette into CaCl 2 solution kept on a low speed Vortex mixer (about 100 rpm). The resulting beads were kept for 40 -45 min for hardening. The Gel i.e. Calcium alginate is formed by the reaction between Sodium alginate and calcium chloride. This reaction makes the gel polymerized and hardening starts from 30min and completes in 45min around somatic embryos. Encapsulated embryos were washed with sterile distilled water for 5 min to remove remnants of CaCl 2 from the surface of capsules. All the steps for encapsulation were done under aseptic conditions.
Germination and Plantlet Development from ESEs
The effect of sucrose and ABA on germination of somatic embryos was assessed. For each treatment, 6 petri disces (each with either ESEs orNSEs) sealed with parafilm were maintained in a 16 h photoperiod (60 µmol•m −2
•s −1 light intensity) at 25˚C ± 2˚C. The number of dead, arrested (remaining green without showing any activity at the radicular or plumular end and germinating (showing emergence of tap root and shoot meristem) somatic embryos were counted for each treatment after 6 weeks in the first and second experiments. The per-centage of dead, arrested, and germinating somatic embryos was calculated against the total number of encapsulated (401) and non-encapsulated (505) somatic embryos cultured. Number of embryos for each treatment ranged from 66 to 87 with a mean value of 76.5 for encapsulated embryos and 78 to 115 with a mean of 96.5 non-encapsulated embryos. Each experiment repeated three times.
Subsequently, the germinating somatic embryos (5 per flask) were transferred to 250 ml Erlenmeyer flasks, each with 50 ml liquid medium containing half-strength B5 macrosalts with full-strength MS microsalts, iron-EDTA and organics, 2.74 mM L-glutamine (added before pH adjustment) and 3% (w/v) sucrose. Glutamine is known to play a regulatory as well as a nutritive role in somatic embryo maturation and during autoclaving it is converted to 5-oxoproline [44] . The cultures were maintained in a 16 h photoperiod as described earlier. After 6 -8 weeks the elongated somatic embryos were cultured on MS basal semi-solid (0.7% agar) medium for complete development of plants and percentage of plantlets was calculated for each treatment in each of the experiments.
Establishment of Plantlets in Soil
Normally developed plantlets with roots were transferred to plastic pots containing moistened agro peat soil and kept in artificial light (60 µmol•m −2
•s −1 light intensity provided by cool white fluorescent tubes) at a temperature ranging between 25˚C and 30˚C. The plantlets were initially covered with polythene bags to maintain humidity and were irrigated with tap water. After 20 d, the pots were transferred initially to sunlight for a short duration (30 mm). This period was gradually increased and polythene bags were removed. The plants were transferred to garden soil in clay pots after 3 -4 months and kept outdoor under natural light conditions.
Storage of Somatic Embryos in Synthetic Seeds
The embryogenic calli were cultured in different concentrations of sucrose (2, 3, 6, 9%) with ABA (0.004, 0.02, 0.04, 0.2, 0.4 µM) for 4 -6 weeks followed by encapsulation of somatic embryos as described above. The synthetic seeds were kept in a bottle at room temperature up to three months. After storage, the synthetic seeds were cultured on NN or MS basal medium supplemented with 2.9 µM GA 3 for checking their viability and germination.
Results and Discussion
Primary somatic embryos were generated from zygotic embryos when cultured on MS1 medium, they were subcultured on either NN basal or NN medium supplemented with IBA and within 4 -6 weeks embryogenic callus was formed (Figure 1(a) ), which differentiated into many globular to cotyledonary stage secondary embryos. The globular stage somatic embryos reached the cotyledonary stage in 4 weeks (Figure 1(b) ). The cotyledons (closed) of most of the somatic embryos became opaque and milky-white in colour (Figure 1(c) ) to light-green or green after transfer to light.
Germination and Plantlet Development from ESEs
For germination of encapsulated (Figure 1(d) ) or naked white, opaque, cotyledonary-stage somatic embryos were cultured on MS agar medium containing B5 macrosalts, MS microsalts, iron EDTA, organics with 3% sucrose and 0.7% agar supplemented with 2.9 µM GA 3 . During germination, both ESEs and NSEs turned lightgreen or green within a week of inoculation on agar medium. Germination was initiated with the emergence of tap roots (Figure 1(e) ). Roots from ESEs became visible within 1 -2 weeks of culture on agar medium, whereas root initiation from NSEs became visible only after 2 weeks of culture in the same medium. Further root elongation and proliferation of leaves from shoot meristem were observed only after transfer to MS liquid medium containing glutamine. Roots continued to grow up to 5 -10 cm within 3 weeks of culture before shoot emergence (Figure 1(f) ). The shoot elongation of such rooted embryos became visible within 2 -3 weeks by the development of small leaves (Figure 1(g), Figure 1(h) ). The proliferation of shoot meristems, enlargement of leaves and formation of plantlets (Figure 1(i) ) were observed only after 4 -6 weeks of culture on MS basal semi-solid medium. In this way, both NSEs and ESEs developed into complete plantlets and there were no differences in the morphology of plantlets raised from ESEs and NSEs. However, after 4 -6 weeks of culture, percent germination and plantlet development from ESEs was higher than that of NSEs ( Table 1) . NSES with ar- rested germination showed cotyledon growth up to 2 weeks of culture in liquid medium and no growth was observed on semi-solid medium. A lower percentage of dead embryos were observed in ESEs than NSEs ( Table 2) . The reason for this may be attributed the protection provided by capsules as well as the presence of nutrients in the gel matrix which apparently served as a nutrient bed around the somatic embryos. This facilitated growth and survival and allowed embryos to germinate as described by [31] [32]. Our observations with litchi are more or less similar to grape and mango [38] but in contrast to those reported for Santalum album [35] , Solanum melongena [45] and Asparagus cooperi [46] , for which the frequency of germinating ESEs was lower than that of NSEs. In all these examples, however, mature somatic embryos were used in encapsulation. The production of synthetic seeds for the first time by [47] involved encapsulation of carrot somatic embryos followed by their desiccation. Of the various compounds tested for encapsulation of celery embryos, [48] selected polyoxyethylene which is readily soluble in water and dries to form a thin film, does not support the growth of micro-organisms and is non-toxic to the embryo. [49] has reported that desiccated artificial seeds were produced by coating a mixture of carrot somatic embryos and callus in polyoxyethylene glycol. The coating mixture was allowed to dry for several hours on a Teflon surface in a sterile hood. The dried mixture was then placed on culture medium, allowed to rehydrate, and then scored for embryo survival. Development of artificial seeds requires sufficient control of somatic embryogeny from the explants to embryo production, embryo development and their maturation as well. The mature somatic embryos must be capable of germinating out of the capsule or coating to form vigorous normal plants. A number of researchers have tried to improve the quality [50] - [53] and quantity [54] - [56] of somatic embryos via modification of culture conditions, such as, medium composition, growth regulators (types and concentrations), physical state of the medium, as well as incubation conditions like temperature, illumination, etc. Although large quantities of somatic embryos can be rapidly produced in many plant species, normal plants are difficult to obtain due to their improper or asynchronous maturation. Hence, maturation of somatic embryos, which eventually controls germination and conversion rate, is one of the major bottlenecks for synthetic seed production. While studying the effects of different types of osmotica on maturation of somatic embryos of spruce, [51] and [57] have described that inclusion of high levels Encapsulation Synthetic seed development Storage Plant development Greenhouse and field planting of sucrose (i.e. permeating osmotica) in the standard medium containing ABA (which is associated with water stress), prevents maturation while inclusion of PEG (non-permeating osmotica) with ABA dramatically improves the frequency and synchrony of the somatic embryo maturation. To achieve conversion of somatic embryos into plantlets and to overcome deleterious effects of recurrent somatic embryogenesis as well as anomalous development of somatic embryos on their conversion, it is necessary to provide optimum nutritive and environmental conditions [55] [58] . Maltose has been found valuable for improving alfalfa somatic embryo conversion [31] . From a synthetic seed perspective, addition of sucrose in the medium is necessary for viability of somatic embryos, their subsequent development, maturation and germination in many plant species [52] [55] [59] . In an in vitro culture system the somatic embryos show great diversity in their morphology and accordingly in their response which greatly limits the use of synthetic seed technology.
Effect of Concentration of B5 Macrosalts on Germination and Plantlet Development from ESEs
The strength of B5 macrosalts in the agar medium affected significantly the percent ESEs germination the highest percentage was observed in medium supplemented with quarter strength B5 macrosalts. The ratio of germination to conversion into plantlets increased in the B5 macrosalts, MS microsalts, iron EDTA, organics and 3% sucrose supplemented with 2.9 µM GA 3 ( Table 2 ). It is suspected that the morphological development of somatic embryos is regulated by endogenous hormones [60] . [61] have described the effect of anti-auxins on polar auxin transport which controls embryo development. For initiation of the two cotyledons, a polar auxin transport in the embryo is needed for a short period during the globular stage and developmental abnormalities occur due to cell divisions in the meristematic areas prior to differentiation of the shoot apex and cotyledons [60] [61].
Effect of ABA on Germination and Plantlet Development from ESEs
In general, ESEs (no ABA treatment) started germination after 1 -2 weeks of culture, whereas ABA-treated ESEs showed germination after 3 -4 weeks irrespective of the ABA concentration. However, ABA concentration affected the percent response ( Table 3) . ESEs treated with 0.004 or 0.02 µM ABA showed a slight decrease in percent germination and plantlet development relative to the control, but the decrease was not significant ( Table 4 ). The ESEs treated with higher concentrations (0.04, 0.2 or 0.4 µM) of ABA showed a significant difference in percent response in comparison with the control, with a large number of ESEs either dying or showing arrested germination ( Table 3) . With increasing ABA concentration (0.04 to 0.2 µM), percent germination and conversion into plantlets decreased gradually, and no ESEs germinated if they were treated with 0.4 µM ABA Table 3 ). [62] have indicated that continuous ABA treatment increases the formation of somatic embryos with anomalous cotyledons, while in some instances ABA has been found to promote the normal development of both somatic and zygotic embryos in vitro [63] [64] . Cytokinin treatment also increases the number of somatic embryos with multiple cotyledons [65] . It is evident from the results that ABA at lower concentrations (0.03 or 0.02 µM) had no influence on embryo germination or conversion into plantlets although it caused a delay of up to 3 -4 weeks in germination (recorded on MS medium containing B5 macrosalts, MS microsalts, MS iron-EDTA, MS organics and 3% sucrose supplemented with 2.9 µM GA 3 ). Inhibition of germination was significant when the ESEs were treated with higher concentrations (0.04, 0.2 and 0.4 µM) of ABA. Exogenous ABA treatment prevented precocious germination of immature somatic embryos in several species [33] [46] . 
Effect of Sucrose and ABA on Survival of Somatic Embryos
Germination and survival of somatic embryos were assessed in the medium containing different concentrations of sucrose with or without ABA. At lower concentrations of sucrose (1% -3%) embryos remained hydrated and started germination without any delay. As the concentration of sucrose was increased to 6 or 9%, the embryos became more and more dehydrated. If the somatic embryos were first encapsulated and then cultured for 4 -6 weeks in medium containing 9% sucrose and ABA, the synthetic seeds remained viable at least up to three months at room temperature ( Table 4) . Survival of somatic embryos in synthetic seeds was checked through germination on MS medium containing B5 macrosalts, MS microsalts, iron-EDTA, organics with 3% sucrose and 0.7% agar supplemented with 2.9 µM GA 3 .The developmental anomalies, however, are not intrinsic to somatic embryos, because immature zygotic embryos can also exhibit similar irregularities when removed from the seed and allowed to develop in vitro. [60] have suggested that unbalanced endogenous hormone distribution by exogenous hormone treatment may result in the abnormal somatic embryos. In many plant species the somatic embryos have been found to be sensitive to desiccation. Desiccation damages the somatic embryos and inhibits their germination and conversion into plants in desiccation-sensitive plant species [31] [32].
Transfer of Plantlets to Soil
In the first two weeks after adaptation to soil, the plantlets showed no further development. After two weeks, some plantlets showed blackening at the shoot tips, and died gradually. However, plantlets, which did not exhibit the symptoms, survived and grew in agropeat (Figure 2(a) ). Growth was initially very slow. Out of 20 plantlets, 15 reached an age of 4 months in field soil (Figure 2(b) ). The plantlets obtained from ESEs and NSEs were transferred into the field and no marked difference in their growth was observed. Transfer of plants to soil, obtained from somatic embryos of litchi cultivars has been done. Desiccation damages the somatic embryos and inhibits their germination and conversion into plants in desiccation-sensitive plant species [31] [32]. Nevertheless, desiccation and subsequent rehydration have been found useful in inducing a high frequency conversion of somatic embryos into plantlets in some species [66] [67] . Gradual drying of alfalfa somatic embryos with progressive and linear loss of water gave better response and improved the quality of embryos in comparison to uncontrolled drying [31] . Similarly, desiccation improved the germination frequency in soybean [68] also [39] have reported that desiccation tolerance can be induced in somatic embryos of alfalfa by external stimuli such as ABA, exposure to cold, heat, water and osmotic stress at sub-lethal levels or increasing the sucrose content in the medium. [53] and [60] have reported that somatic embryos of spruce matured in the presence of PEG and ABA were very tolerant to low moisture levels. According to them, such somatic embryos had less than 50% moisture content which was further reduced to less than 10% following desiccation. These embryos were stored at -200 C for a year and thereafter successfully germinated following imbibition with no loss in viability. The coating material may also limit success of the synthetic seed technology, and at present none of the embryo encapsulation methods described earlier is completely satisfactory. 
Conclusion
Our study demonstrates successful plant regenerated from in vitro raised somatic embryos encapsulated in calcium alginate. The synthetic embryos are capable to germinate and regenerate into plants. The main advantage of encapsulated embryos will probably be their use as an alternative for long-term storage and mass propagation of planting material. Thus, it is expected that with further refinement of the techniques for production of somatic embryos, synthetic seeds will be used in litchi biotechnology.
